Coronary artery disease (CAD) is a leading cause of heart failure on a world-wide basis [1] [2] [3] . The epidemic proportion of CAD is increasing worldwide irrespective of gender [3, 4] . Coronary artery disease is associated with lower oxygen supply and demand ratio due to abnormalities of the coronary vasculature. The coronary arteries supply oxygenated blood to the heart muscle and due to the process of atherosclerosis leading to plaque rupture and acute coronary syndrome, myocardial blood supply is compromised leading to myocardial ischemia/infarction and heart failure [5, 6] . Many clinicians and cardiovascular researchers recognize the clinical as well as molecular pathophysiological basis of coronary artery disease. There are many research groups actively searching the intervention strategies to prevent CAD. Many of these studies confirmed that CAD can be favorably prevented by lifestyle modifications (dietary control, exercise and smoking cessation) and pharmacotherapy [7] . However current pharmacotherapies which include anti-platelet drugs (aspirin, clopidogrel and prasugrel), betablockers, statin therapy and ACE inhibitors, are suboptimal [8, 9] . Resveratrol is a polyphenolic flavonoid with phytoalexin properties and has several pleotropic effects on cardiovascular function such as anti-oxidant and antiinflammatory effects and metabolic modulation (Fig. 1 ) [10] [11] [12] [13] [14] . However, these studies were performed in animal models and clinical evidence of the therapeutic effectiveness of resveratrol in humans is limited.
In this issue of Cardiovascular Drugs and Therapy, Tomé-Carneiro et al. investigate and analyze the beneficial pleotropic effects of 1 year dietary intervention with resveratrol containing grape extract (U.V treated grapes) on inflammatory as well as fibrinolytic status in patients with stable coronary artery disease [15] . Naturally the content of resveratrol in dietary sources is very low and the consumption of these natural food items (wine and grapes) does not exert beneficial effects in the prevention of many cardiovascular complications. As such Tomé-Carneiro et al. used a novel resveratrol rich grape extract (GE-RES) obtained from U.V treated grapes (GE-RSE) in dietary intervention of CAD patents. Resveratrol is a potent therapeutical phytochemical with cardioprotective effects [10] . It targets and modulates pathological death signals and can protect patients by preventing several cardiovascular risk factors from causing endothelial dysfunction, inflammation, atherosclerotic plaque formation and dyslipidemia [1] . Inflammation and atherogenesis are the initial manifestations in coronary artery disease, which is associated with focal activation of endothelial cells via phospholipids, which are produced by enzymatic oxidation of LDL inside and outside of the coronary blood vessel (Fig. 1) [1, 16] . Endothelial activation recruits at first platelets and expresses several types of leukocyte adhesion molecules favoring blood cell adhesion and migration into sub-endothelial spaces [1] . When these monocytes are stimulated by specific cytokines, macrophage stimulating factors (MSF), secreted from tunica intima cells of the vessels, differentiate into macrophages and later into foam cells. Foam cells release pro-inflammatory cytokines, proteases, and cytotoxic superoxide, nitrogen free radicals and activate the inflammatory process along with atherothrombus formation which also in association with elevated systemic levels of inflammatory cytokines (IL-6, IL-7, IL-8, high sensitivity C-reactive protein and sCD40) in the plasma [16, 17] . The balance between inflammatory and antiinflammatory responses plays an important role in atherothrombus formation and disease progression. The epicardial adipose tissue (EAT) of coronary arteries also directly regulates the coronary vascular function and homeostasis because of its anatomical proximity by secreting various cytokines collectively called adipokines such as adiponectin, leptin, Resveratrol dietary intervention activates SIRT-1/FOXO1 transcription factors which modulate PPARγ and adipogenesis in EAT leading to decreased adipogenesis stimulates upregulation of adiponectin, which along with its anti-inflammatory action results in a plethora of beneficial effects on the coronary arteries. LDL0Low density lipoprotein; tPA0tissue plasminogen activator; eNOS0endothelial nitric oxide synthase; PAI-10Plasminogen activator inhibitor-1; PPARγ0Peroxisome proliferator-activated receptor-γ; SIRT-10Sirtuin-1; FOXO10Fork-head box protein O1; TNFα0Tumor necrosis factor α; hsCRP0high sensitive C-reactive protein; IL-60Interleukin-6; NF-kB0Nuclear factor kappa B; SMC0Smooth muscle cell; ROS0Reactive oxygen species; TLR0Toll-like receptor resistin, apelin and plasminogen activator inhibitor (PAI-1) [18, 19] . Recent studies on epicardial adipose tissues confirmed the role of various proatherogenic/pro-inflammatory and atheroprotective/anti-inflammatory cytokines in human coronary artery disease progression [20] . Adiponectin as well as tissue plasminogen inhibitor are two important adipokines produced by epicardial adipose tissues and show inverse relationship in many cardiovascular as well as metabolic disorders [21] .
Adiponectin is a clinically interesting, important serum adipocytokine, with 224 amino acid residues. It positively regulates glucose and lipid metabolism, and has multiple anti-inflammatory effects [22] . Epidemiological studies confirmed the low circulatory levels of adiponectin in CAD [23, 24] . Adiponectin participates in the in vivo clearance of apoptotic cellular bodies and blebs of dying cells by binding them, leading to phagocytosis by monocyte derived macrophages, thereby minimizing tissue injury and inflammation [25, 26] . Adiponectin dependent suppression of inflammatory cytokines is well established in in vitro and in vivo studies [2, 20, 27 ]. An alteration in epicardial adipocyte metabolism leads to excess adipogenesis and down regulates the adiponectin gene expression [27] . The adipose tissue associated with the epicardial coronary arteries also contains fibroblasts, pre-adipocytes, and 5-10 % of tissue macrophages. Alterations in fat metabolism stimulate excess infiltration of monocyte derived macrophages, leading to accumulation of lipid particles and formation of foam cells [28] . The latter stimulate adipocytes, downregulate their adiponectin expression and upregulate the expression of cytokines such as IL-6, TNF-α, PAI-1, angiotensinogen, CRPs and many transcription factors (NF-kB, AP-1, JUN, ATF-2, CREB) [28] . The plasminogen activator inhibitor (PAI-1) is also an adipokine and regulatory protein secreted by platelets, endothelium as well as adipose tissue and participates in the coagulation cascade [29, 30] . PAI-1 is a key regulator which determines the endogenous fibrinolysis activity and principle inhibitor of fibrinolysis [31] . Several cardiovascular and metabolic abnormalities are associated with elevated levels of PAI-1, including the upregulation of TNF-α, up regulates PAI-1 and IL-6, activation of NF-kB transcriptional factor, and downregulation of adiponectin expression [31] .
Tomé-Carneiro et al. show that resveratrol containing grape extract (GE-RSE-UV treated) increases adiponectin levels and decreases hsCRP and PAI-1 levels in plasma, in addition to downregulation of pro-inflammatory gene expression of PBMCs in stable CAD patients. These results clearly illustrate thast GE-RSE dietary intervention leads to a drastic improvement in circulating biomarker levels and are consistent with previous findings showing that resveratrol mediates SIRT1/FOXO1 dependent upregulation of adiponectin and downregulation of PPARγ [32, 33] . SIRT-1/FOXO1 is one the major signaling pathways activated by resveratrol. Activation of SIRT-1(Sirtuin-1) and FOXO1 (Forkhead transcription factor) by resveratrol is a wellestablished signaling pathway. SIRT-1 catalyzes NAD + -dependent protein deacetylation, which is a very crucial metabolic modulation catalytic reaction to prevent obesity and related metabolic disorders [34] . FOXO1 activation inhibits adipogenesis [35] . The nuclear peroxisome proliferatoractivated receptor γ (PPARγ) plays a central role in adipogenesis and fat tissue development. Resveratrol is a negative regulator of the nuclear peroxisome proliferator-activated receptor gamma (PPARγ), which is known to play a central role in adipogenesis and vascular disease [34] .
Activation of inflammation and pro-inflammatory gene expression in PBMCs is also associated with pathogenesis of CAD. The study by Tomé-Carneiro et al. also shows that resveratrol reduces inflammation and downregulates the pro-inflammatory gene expression in PBMCs. Increased production of TNF-α directly induces synthesis and excess release of PAI-1 in epicardial adipose tissue and increases plasma PAI-1 associated with decreased fibrin clearance and enhanced thrombosis [31] . Acute and chronic stimulation by TNF-α activates PKC, PI3K, MAPK and NF-kB signaling pathways leading to induction of PAI-1 expression [31] . Resveratrol can also inhibit TNF-α induced PAI-1 formation and the activation of the NF-kB pathway [36] . Macrophages are important inflammatory cells involved in the initiation of inflammation process and pathogenesis of many diseases including CAD. Macrophage infiltration is also higher in epicardial adipose tissue and coronary arteries of CAD patients. The amplification of the inflammatory transcription factors in PBMCs leads to the release of inflammatory cytokines [37] . Six inflammatory transcription factors were examined by Tomé-Carneiro et al., including Kruppel like factor2 (KLF2), nuclear factor kappa-B (NF-κB), activator protein-1(AP-1), c-Jun, activating transcription factor 2 (ATF-2), and CREB-binding protein. Upon resveratrol intervention the gene expression pattern of these genes are drastically modulated. These authors have previously shown a clear benefit of UV treated grape extract in stable CAD patients, by increasing the level of pleotropic adipokine, adiponectin, and decreasing PAI-1, IL-6, and TNF-α inflammatory cytokines [36] .
Plants and plant products have one or more medicinal values, and medicinal plants have been used as traditional treatments of many life threatening diseases for thousands of years all over the world. Vitis vinifera (Grape plant) contains resveratrol phytoallexin as a defensive molecule. The popular 'French paradox' is well-known, which states that the low CVD mortality rate in French population is linked to the consumption of red wine [14] . As we move ahead, the pharmacokinetics such as the therapeutic levels of plasma and tissue resveratrol in response to dietary intervention as well as the pharmacodynamics of resveratrol have to be better understood. Importantly, we need to better define the absolute resveratrol concentration that is effective for CAD treatment, and how it will be a better therapeutic agent compared to other currently available therapies for CAD.
